Cultures of the amoeboid slime mold, Dictyostelium discoideum, were grown in the presence of various antibiotics and antimetabolites. Results indicate that many antibiotics may be used in amoeba cultures to help minimize contamination (for example: polymyxin B, kanamycin, tetracycline, neomycin, oxacillin, ampicillin, cephalothin, and erythromycin). A few potent antibiotics were found to be unsuitable (colistin, nystatin, amphotericin B, actinomycin, and cycloheximide); the mechanisms of the inhibitions observed were not investigated further.
Amoeba of the class Acrasiales can be grown by using any of a number of strains of bacteria as the food supply. When challenged by environmental conditions such as low humidity or depletion of food supply, the amoeba are capable of aggregation and differentiation with the final formation of a fruiting body or sorocarp. A frequent difficulty in handling these organisms in the laboratory is the easy entrance of bacterial and fungal contaminants into vegetative amoeba cultures; not all bacteria, yeasts, and molds can be scavenged by the amoeba.
A few antibiotics have been used with Dictyostelium di8coideum to lower the level of contamination of stock cultures (1) and growing cultures (2) and as inhibitors of macromolecular synthesis during differentiation (3) (4) (5) . Penicillin and streptomycin are frequently used and are known to have no effect on amoeba growth. However, no study is known which describes the sensitivity of growing amoeba to many of the common antibacterial and antifungal agents. This paper details the results of a survey of a number of antibiotics representing some of the classes and modes of action of antibiotics.
Stock cultures were maintained as previously described (6) . Amoeba for inoculating experimental flasks were harvested from two petri dishes of stock cultures while in the late vegetative phase (6) . Most of the residual Escherichia coli cells were removed by differential centrifugation (6) . The suspension of amoeba was diluted to a final volume of 10 ml (6).
The experimental liquid growth flasks contained autoclaved E. coli cells (10 g of packed cells suspended in 2.0 liter of 0.25 M sodium phosphate buffer, pH 6.5, before autoclaving for 20 min at 121 C; frozen cell paste was purchased from Grain Processing, Muscatine, Iowa). Each 250-ml flask contained 50 ml of bacterial suspension inoculated with 1.0 ml of amoeba suspension. Antibiotics 100-gm orifice. The lower threshold was set to minimize the error due to coincident intake of the autoclaved E. coli particles with the amoeba. Control counts showed that the error was about 2,000 counts/ml, which is about 50% of the total counts obtained at the time of inoculation. No upper threshold was used. All raw counts were corrected for coincidence loss by using a cubic equation fitted by a least squares method to the data provided by the instrument manufacturer. The cultures were counted by taking 0.1 ml of the culture which was diluted to 50 ml with 0.085% NaCl.
Most of the antibiotics tested had little or no effect on either the rate or extent of growth of the amoeba. Table 1 summarizes the results obtained with specified concentrations of antibiotics. None of these antibiotics lowered the final maximum number of amoeba more than 20%. The term "slight decrease" (-) indicates up to a 4-hr delay in the attainment of the maximum number of amoeba as compared with control cultures (which ceased growth in 16 to 24 hr). Small diminutions in maximum cell count sometimes accompany these effects. A delay of 4 to 8 hr is denoted by the term "decrease" (--). Occasionally, small stimulations (+) in growth rate or final count were observed. These were effects of less than 25%, on rate and cell number, but were consistently reproducible. Table 1 shows that sulfamerazine, sulfisoxazole, and polymyxin B were slightly stimulatory (+). Tetracycline, neomycin, kanamycin, ampicillin, oxcillin, and bacitracin were without effect (0). Puromycin, chloramphenicol, erythromycin, tyrocidin, nitrofurazone, D,L-ethionine, and cephalothin were slightly inhibitory (-). The maximum cell count was usually followed by a rapid decline in cell numbers. Where growth was inhibited, this diminution failed to appear or was reduced in magnitude (possibly because E. coli remains and slow feeding continues). Microscopy examination of the cultures revealed that the amoeba were lysing rather than shrinking to a size below the counting threshold. This lysis is a frequent occurrence in liquid cultures of amoeba where they cannot differentiate. On a solid surface these "starved" amoeba would aggregate and differentiate.
The reproducibility of cell counts is typified by the results from the two control cultures shown in Fig. 1 . Also in Fig. 1 , the data for the antibiotics, cycloserine and isonicotinic acid hydrazine, show that these two compounds slow, but do not prevent, growth. The same is true of the lower concentrations tested of colistin (polymyxin E), amphotericin B (fungizone), and nystatin (each at 100 ug/ml; Fig. 2 ). With all three antibiotics, the higher concentration (colistin and nystatin at 500, g/ml and amphotericin B at 900 ,ug/ml) lowered the growth rate to barely perceptible levels. Only with the highest levels of actinomycin D (90 ug/ml) and cycloheximide (500, g/ml) was complete inhibition of growth observed (Fig. 3) . Nalidixic acid (Fig. 4) inhibited growth to some extent at a concentration of 50 ,g/ml and completely inhibited growth at 500,ug/ml (at 25 hr). Chloramphenicol (50 ,g/ml) had little effect, but 500, g/ml produced a small inhibition ( Fig. 4 ; see also Table 1 ).
It has long been known that penicillin and streptomycin have no effect on amoeba growth. The majority of the antibiotics reported here, as well, had little effect on amoeba growth. Sulfamerazine, sulfisoxazole, polymyxin B, puromycin, tetracycline, neomycin, kanamycin, ampicillin, oxacillin, chloramphenicol, erythromycin, tyrocidin, bacitracin, nitrofurazone, and cephalothin can be used safely in cultures of amoeba; the choice depends on the susceptibility of the organism or orgainisms causing concern. We routinely used a combination of antibiotics (penicillin, 500 ,ug/ml, and streptomycin, 50 pg/ml, or neomycin and polymyxin B, 50 ug/ml) when contamination was likely to present a problem. As is frequently the case in antibiotic screening studies, we are unable to assess the reasons for the lack of activity of some of the antibiotics. It is not surprising that bacterial cell wall synthesis inhibitors (i.e., ampicillin, oxacillin, and cephalothin) are inactive against an organism lacking a cell wall (7) . In A, 50 ,ug of chloramphenicol/ml; A, 500 pg of chloramphenicol/ml; 0, 50 pg of nalidixic acid/ml; 0, 500 ug of nalidixic acid/ml. contamination by the prevalent unwelcome organisms.
The antibiotics which have an effect on growth can be used as biochemical tools in investigating amoeboid physiology and genetics once their mode of action is determined. The determination of mode of action is an essential point; usually cycloserine blocks bacterial cell wall synthesis (7) and colistin (polymyxin E) acts as a "cell wall detergent" (7), yet they are both effective against amoeba which lack a cell wall. Perhaps cycloserine interferes with alanine metabolism or charging of alanine-S-ribonucleic acid. In fungi, nystatin and amphotericin B destroy the integrity of the lipid in the cell membrane ( 
